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Abstract : Purpose : To analyze extraosseous signal changes (ESCs) on magnetic resonance imaging (MRI) in pe-
diatric patients with stress fractures occurring in the lamina. Methods : This study was a retrospective review of 
69 consecutive pediatric patients with stress fractures occurring in the lamina. We analyzed MRI scans obtained 
at the first presentation. Results : We used mainly axial short tau inversion recovery images acquired through 
the pedicle of these 84 fracture sites to identify the ESCs. These were then divided into three groups: “invisible” 
when no ESC was detected, “periosteal” for ESC seen on only the dorsal side of the lamina, and “perimuscular” 
for ESC distinctly spread around / in the paravertebral muscles. In total, 78 (92.9%) fracture sites showed ESCs 
on the dorsal side of the lamina among which 72 ESCs were located on only the “dorsal” side, while 6 ESCs were on 
the ventral side against the transverse process. Conclusion : ESCs on MRI were detected in more than 90% of pa-
tients before stress fracture became apparent in the lamina, which was considered similar to findings of periosteal 
thickening / edema detected at the onset of stress fracture in long bone. J. Med. Invest. 68 : 136-139, February, 2021
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INTRODUCTION
 
Periosteal hyperplasia can be detected at the onset of stress 
fracture of the long bones, and its identification using ultraso-
nography is now being used for early diagnosis of stress fracture 
before the fracture line is apparent on X-ray (1). Thus, stress 
fracture can be identified by extraosseous changes in soft tissue, 
including the periosteum, muscle, and subcutaneous tissue even 
before the fracture line becomes apparent.
Lumbar spondylolysis (LS) has been considered a stress frac-
ture of the pars interarticularis (2-4). Signal changes in bone 
marrow edema on magnetic resonance imaging (MRI) have 
been widely used for the diagnosis of early spondylolysis in recent 
years (5-7). Similarly, ESCs on MRI have been identified even 
in LS (Figure 1). While a finding of extraosseous hematoma or 
edema may be a possible cause of radiculopathy in young pa-
tients with the LS (8), few studies have investigated this matter.
The purpose of this study was to analyze the ESCs on MRI in 
pediatric patients when the fracture in the lamina occurred (ear-
ly-stage LS), and to explore the potential utility of this finding as 
a diagnostic tool for routine medical examination of LS. 
MATERIALS AND METHODS
Patients
We retrospectively reviewed the medical records of 69 consec-
utive pediatric patients (51 boys and 18 girls) with a diagnosis 
of stress fracture occurring in the lamina (very early- and 
early-stage LS) collected from January 2013 to September 
2018 at our outpatient clinic. The average age was 14.3 years 
(range : 9-17 years). The database was collated to include previ-
ously published data from January 2012 to December 2015 (9). 
Institutional review board approval was waived for this study in 
view of the study design, which involved a retrospective review of 
anonymized imaging data. 
Diagnostic imaging
LS was diagnosed on the basis of findings on plain radio-
graphs, multi-detector computerized tomography (CT) scans 
(Optima CT 660 ; GE Healthcare, Little Chalfont, UK), and 
MRI scans (1.5 T Achieva ; Philips Healthcare, Amsterdam, The 
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Figure 1.　The presence of extraosseous signal changes (ESCs) on 
MRI (arrow) has been identified in patients with spondylolysis.
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Netherlands). The fracture line or bony defect was classified as 
early, progressive, or terminal on CT using the system devised 
by Fujii et al. (10), whereby a hairline fracture is visible in the 
early stage, progresses to a gap in the progressive stage, and 
manifests as pseudoarthrosis in the terminal stage. In this 
study, we further added “very early stage” as described in previ-
ous reports (6, 9, 11). The very early stage defect showed a faint 
and noncontinuous hairline at the pars interarticularis, while 
the hairline was visible in the early stage. In both the very early 
and the early stage, the fracture is considered to be incomplete.
In this study, we retrospectively analyzed MRIs at the first 
presentation only for patients diagnosed with very early- and 
early-stage spondylolysis to identify ESCs around the fracture 
site. Cases with progressive or terminal spondylolysis, and re-
current cases were excluded. In addition, two senior orthopedic 
surgeons evaluated the radiological findings and intra-observer 
and inter-observer reliability were analyzed. Intra-observer and 
inter-observer agreement were estimated using the κ statistic.
RESULTS
In this study, we analyzed a total of 84 fracture sites in 69 
patients aged 9 to 17 years based on our criteria ; 37 fractures 
were located in L5, 36 in L4, 9 in L3, and 2 in L2. There were 
12 patients with bilateral fractures, and 57 patients with uni-
lateral fracture including 3 patients with multi-level fractures. 
Basically, axial short-tau inversion recovery (STIR) images 
acquired through the pedicle are the best image to detect the 
signal changes in bone marrow edema on MRI and they have 
been widely used for the diagnosis of early spondylolysis in re-
cent years. In addition, those images were the easiest views to 
identify the ESCs. We used mainly axial images through the 
pedicle on STIR of these 84 fracture sites to identify the ESCs 
and divided these into three groups.
We defined the findings as follows : “invisible” when no ESC 
was identified, “periosteal” for ESC seen on only the dorsal side 
of the lamina, and “perimuscular” for ESC distinctly spread 
around / in the paravertebral muscles (Figure 2A). We further di-
vided them into “dorsal” and “ventral” groups according to their 
position relative to the transverse process (Figure 2B). 
Of the 84 fracture sites, 63 were in the perimuscular group, 15 
were in the periosteal group, and 6 were in the invisible group 
(Table 1). In total, 78 (92.9%) fracture sites showed ESCs on the 
dorsal side of the lamina. Among these 78 fractures, 72 ESCs 
were located on only the dorsal side, while 6 had ESCs on the 
ventral side.




LS is considered a stress fracture in the pars interarticularis, 
and frequently occurs in adolescent athletes (2-4). If it can be de-
tected before the fracture line becomes complete, the bone is able 
to heal with conservative treatment (9-11). But, if the fracture 
completes, it can be a possible cause of lifelong chronic low back 
pain and / or leg pain due to synovitis around the bone defect (12, 
13), or subsequent spondylolisthesis (14, 15).
Figure 2.　Using axial images through the pedicle on STIR, the identified ESCs were divided 
into three groups : “invisible” when the ESC was not identified, “periosteal” seen on only the 
dorsal side of the lamina, and “perimuscular” distinctly spread around / in the paravertebral 
muscles (A). ESCs were further divided into “dorsal” and “ventral” groups, according to their 
position relative to the transverse process (B). High signal changes as the ESCs are seen on the 
STIR-MRI (C).
Table 1.　Number of stress fractures with extraosseous signal changes
Extraosseous 





Number 6 15 63(57/6) 84
Rate (%) 7.1 17.9 75.0 100
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Currently, MRI is the best tool for making an early diagnosis 
of LS, with no risk of radiation exposure. A reliable diagnostic 
sign is high signal changes at the pedicle adjacent to the fracture 
site on T2 weighted or STIR images, and this high signal change 
is a known indicator of the potential for bony healing (5-7). How-
ever, as is well known, not all hospitals have MRI equipment and 
so it cannot be used for screening and may also be prohibitively 
expensive for many patients. In addition, it has been reported 
that MRI is not always definitive for detecting early stage inju-
ries (16). To decrease the number of patients with LS, prevention 
by screening on the athletic field is desirable, but there is unfor-
tunately no screening method at present.
Recently, ultrasonography has been used to identify extraos-
seous changes in soft tissue, including the periosteum in peri-
osteal hyperplasia, muscle, and subcutaneous tissue, before the 
fracture line becomes apparent on X-ray (1). Moreover, ultraso-
nography machines are portable and carry no risk of radiation 
exposure, and so where available, this is the most appropriate 
tool for screening.
To date, few studies have investigated ESCs on MRI in pa-
tients with LS. It was previously considered that a finding of 
extraosseous hematoma or edema may be a possible cause of 
radiculopathy (8). In this study, a total of 92.9% fracture sites 
showed demonstrable ESCs on the dorsal side of the lamina 
when the fracture in the lamina occurred (early-stage LS). These 
are possibly considered similar to findings such as periosteal 
thickening / edema detected at the onset of stress fracture of the 
long bones.
As mentioned above, we expect that the presence of ESCs can 
be used for routine medical examination, and have started using 
ultrasonography for this purpose. Here, we present the prelim-
inary results of this investigation (Figure 3). The potential use 
of ESC findings for screening of LS with ultrasonography will 
allow for much earlier diagnosis of LS before the fracture line 
becomes apparent, similar to stress fracture of the long bones ; it 
provides clues to diagnosis, by showing hypoechoic haematoma 
with periosteal elevation, soft tissue edema and cortical break 
(17). This would ultimately improve outcomes for pediatric pa-
tients. More data should be accumulated and analyzed in the 
future although there are many limitations.
We acknowledge that there are several limitations to this 
study, arising mainly from its retrospective design in a single in-
stitution and inclusion of a limited number of subjects. However, 
all patients were diagnosed under the same imaging conditions 
using the same equipment and software, which would be an 
advantage for this radiological study. In addition, there was no 
pathological data for the ESCs, because obtaining such data is 
currently considered ethically challenging.
ESCs on MRI were detected in more than 90% of patients 
before stress fracture occurred and was visible in the lamina, 
which was considered a similar finding to periosteal thicken-
ing / edema detected at the onset of stress fracture in long bone. 
While we acknowledge there are several limitations to this 
study, our findings show that ESCs on MRI may be a significant 
finding accompanied with stress fracture in the lamina. We hope 
these findings will be used for a screening tool for the early detec-
tion of LS using ultrasonography in the future.
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Figure 3.　Test case of ultrasonography used in an 18-year-old boy with L4 stress fracture 
of the lamina presenting with ESCs on MRI, with disarray of the muscular fibers.
139The Journal of Medical Investigation   Vol. 68  February  2021
REFERENCES
11. Fukushima Y, Ray J, Karus E, Syrop IP, Fredericson M : A 
review and proposed rationale for the use of ultrasonogra-
phy as a diagnostic modality in the identification of bone 
stress injuries. J Ultrasound Med 37 : 2297-2307, 2018
2. Wiltse LL, Widell EH Jr, Jackson DW : Fatigue frac-
ture : the basic lesion is isthmic spondylolisthesis. J Bone 
Joint Surg Am 57 : 17-22, 1975
3. Morita T, Ikata T, Katoh S, Miyake R : Lumbar spondy-
lolysis in children and adolescents. J Bone Joint Surg Br 
77 : 620-625, 1995
4. Sakai T, Sairyo K, Suzue N, Kosaka H, Yasui N : Incidence 
and etiology of lumbar spondylolysis : review of the litera-
ture. J Orthop Sci 15 : 281-288, 2010
5. Sairyo K, Katoh S, Takata Y, Terai T, Yasui N, Goel VK, 
Masuda A, Vadapalli S, Biyani A, Ebraheim N : MRI signal 
changes of the pedicle as an indicator for early diagnosis of 
spondylolysis in children and adolescents : a clinical and bio-
mechanical study. Spine (Phila Pa 1976) 31 : 206-211, 2006
6. Sakai T, Sairyo K, Mima S, Yasui N : Significance of mag-
netic resonance imaging signal change in the pedicle in 
the management of pediatric lumbar spondylolysis. Spine 
(Phila Pa 1976) 35 : E641-645, 2010
7. Goda Y, Sakai T, Sakamaki T, Takata Y, Higashino K, 
Sairyo K : Analysis of MRI signal changes in the adjacent 
pedicle of adolescent patients with fresh lumbar spondyloly-
sis. Eur Spine J 23 : 1892-1895, 2014
8. Sairyo K, Sakai T, Amari R, Yasui N : Causes of radiculop-
athy in young athletes with spondylolysis. Am J Sports Med 
38 : 357-362, 2010
9. Sakai T, Tezuka F, Yamashita K, Takata Y, Higashino K, 
Nagamachi A, Sairyo K : Conservative treatment for bony 
healing in pediatric lumbar spondylolysis. Spine (Phila Pa 
1976) 42 : E716-20, 2017
10. Fujii K, Katoh S, Sairyo K, Ikata T, Yasui N : Union of 
defects in the pars interarticularis of the lumbar spine in 
children and adolescents. The radiological outcome after 
conservative treatment. J Bone Joint Surg Br 86 : 225-231, 
2004
11. Sairyo K, Sakai T, Yasui N, Dezawa A : Conservative treat-
ment for pediatric lumbar spondylolysis to achieve bone 
healing using a hard brace : what type and how long? : Clin-
ical article. J Neurosurg Spine 16 : 610-614, 2012
12. Shipley JA, Beukes CA : The nature of the spondylolytic 
defect. Demonstration of a communicating synovial pseu-
darthrosis in the pars interarticularis. J Bone Joint Surg Br 
80 : 662-664, 1998
13. Nordström D, Santavirta S, Seitsalo S, Hukkanen M, Polak 
JM, Nordsletten L, Konttinen YT : Symptomatic lumbar 
spondylolysis. Neuroimmunologic studies. Spine (Phila Pa 
1976) 19 : 2752-2758, 1994
14. Sairyo K, Goel VK, Grobler LJ, Ikata T, Katoh S : The 
pathomechanism of isthmic lumbar spondylolisthesis. A 
biomechanical study in immature calf spines. Spine (Phila 
Pa 1976) 23 : 1442-1446, 1998
15. Sairyo K, Katoh S, Ikata T, Fujii K, Kajiura K, Goel VK : 
Development of spondylolytic olisthesis in adolescents. 
Spine J 1 : 171-175, 2001
16. Fredericson M, Moore W, Biswal S : Sacral stress frac-
tures : magnetic resonance imaging not always definitive 
for early stage injuries. Am J Sports Med 35 : 835-839, 2007
17. Banal F, Etchepare F, Rouhier B, Rosenberg C, Foltz V, 
Rozenberg S, Koeger AC, Fautrel B, Bourgeois P : Ultra-
sound ability in early diagnosis of stress fracture of meta-
tarsal bone. Ann Rheum Dis 65 : 977-978, 2006
